W I J W Clinical and Experimental Otorhinolaryngology Vol. 5, No. 3: 156-160, September 2012 http://dx.doi.Org/10.3342/ceo.2012.5.3.156 

pISSN 1976-8710 elSSN 2005-0720 

Original Article 

Intersession Repeatability of Acoustic Rhinometry 
Measurements in Healthy Volunteers 

Mohammed Dhafer Al Ahmari, MS • Jadwiga Anna Wedzicha, MD • John Robert Hurst, PhD 

Academic Unit of Respiratory Medicine, UCL Medical School, London, UK 



Objectives. Acoustic rhinometry is a rapid, reliable and non-invasive technique for the evaluation of conditions associated 
with impaired nasal patency. This study aimed to examine the intersession repeatability of acoustic rhinometry mea- 
surements of unilateral and combined nasal parameters in a group of healthy volunteers. 

Methods. Twenty healthy volunteers were studied. In each subject, acoustic rhinometry measurements were performed on 
five consecutive days, with multiple recordings. Five clinically relevant parameters were measured in each session and 
the intersession repeatability of these measurements was expressed in terms of mean coefficient of variation, intraclass 
correlation coefficient and inter-item correlations. 

Results. Intraclass correlation coefficients showed a high, and greater repeatability over time for all the combined (mean) 
values compared to the unilateral values. All intraclass correlations for combined values were > 0.80 confirming al- 
most perfect agreement. All intraclass correlations and inter-item correlations were associated with P< 0.001. The 
mean coefficient of variation was low (<10%) for all but the proximal minimum cross sectional area (MCA1) mea- 
surements. 

Conclusion. Acoustic rhinometry provides highly repeatable measurements of nasal patency, which is best for combined 
(mean) nasal parameters. This property makes it suitable for use in the diagnosis and follow-up of conditions associat- 
ed with nasal obstruction, either structural or functional. 
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INTRODUCTION 

The clinical use of acoustic rhinometry was first described by 
Hilberg et al. [1] in 1989 as an objective method to examine the 
patency of the nasal cavity. It estimates intranasal volume be- 
tween predefined segments, and cross-sectional areas through 
identification of local changes in acoustic impedance using a 
sound pulse propagating in the nasal cavity. Since nasal obstruc- 
tion is common in a wide range of sinonasal disorders, the tech- 
nique may have an important role in the diagnosis and follow- 
up of conditions altering intranasal dimensions, either perma- 
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nently or transiently. 

Since its introduction, acoustic rhinometry has been investi- 
gated and used in many conditions in adults and children in- 
cluding allergic rhinitis, vasomotor rhinitis, nasal, pharyngeal 
and maxillofacial procedures and conditions, and sleep disorders 
[2]. Acoustic rhinometry is not only able to detect irreversible 
structural changes but also reversible dynamic changes, provid- 
ing information on both the location and reversibility of the pa- 
thological condition. 

Correlation and/or agreement of the technique with other di- 
agnostic methods including rhinomanometry, computed tomog- 
raphy, optical rhinometry, magnetic resonance imaging, direct X- 
ray examination, fiberoptic nasal endoscopy and clinical findings 
has been well established in both clinical and experimental set- 
tings [3-11], although acoustic rhinometry seems to have some 
limitations in the posterior part of the nose [9, 12, 13] and inter- 
changeable use of different methods is not appropriate [14]. 

The automated nature of the technique and dependency of 
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measurements on position necessitates the confirmation of its 
repeatability in serial measurements over consecutive sessions. 
The intersession repeatability of acoustic rhinometry remains to 
be clarified and this has important clinical implications, particu- 
larly when the method is to be used for the purpose of follow- 
up. No previous study has examined the intersession repeatabil- 
ity of acoustic rhinometry using the gold-standard intraclass 
correlation coefficient, comparing combined (mean) and indi- 
vidual nares, in healthy subjects [15-20]. We designed a study to 
assess this. 

MATERIALS AND METHODS 

Subjects 

Twenty healthy subjects (13 males, 7 females) without a history 
of nasal symptoms or disease were included in this study. The 
mean (SD) age of the subjects was 38 + 7.11 years. None of the 
subjects were on nasal medications. All subjects provided in- 
formed consent prior to study entry. The study received ethics 
approval from the Royal Free Hampstead Trust ethics committee 
(study reference is 09/H0720/24). 

Measurement technique 

Acoustic rhinometry measurements were performed in accor- 
dance with a previously published protocol [21]. The acoustic 
rhinometry device was Al acoustic equipment with an updated 
software ver. 0.5 (GM Instruments, Kilwinning, UK). Measure- 
ments were obtained when the subject was in a sitting position 



and under close supervision of the operator. Each subject was 
instructed to open the mouth and stop breathing during the 
measurements. The sound tube was handheld by the subject to 
obtain a sealed nostril. Fig. 1 shows the handling and position- 
ing of the wave tube by the subject. All measurements were ob- 
tained by the same operator in the same air-conditioned room 
to provide similar conditions with regard to temperature, hu- 
midity and ambient noise level. Multiple recordings were taken 
for each subject at each visit and curves with obvious artefact 
were discarded. For each subject, measurements were repeated 
on five consecutive days. 

Variables 

Five important acoustic rhinometry variables were assessed and 
examined separately to test the intersession repeatability of the 
technique: outermost minimum cross-sectional area (MCA1, 
cm 2 ), the distance of MCA1 from the nasal orifice (D-MCA1, 
cm), innermost minimum cross-sectional area (MCA2, cm 2 ), the 
distance of MCA2 from the nasal orifice (D-MCA2, cm), and 
the volume of the nasal segment between the 2nd and 5th cm 
from the nasal orifice (V2-5, cm 3 ). MCA1 corresponds to the level 
of nasal valve, whereas MCA2 corresponds to the anterior half 
of inferior turbinate. In each subject on each day, areas, distanc- 
es and volume values for each separate nostril were averaged 
(mean), whereas combined values were obtained by calculating 
the mean of the mean results from the right and left nostrils to 
correct for the variation between nostrils during the nasal cycle. 
Fig. 2 illustrates a typical rhinometry trace from one of the sub- 
jects. 





Fig. 1. Handling and positioning of the device by the subject. Repro- 
duced with the permission of the volunteer. 



Distance from the nostril 



Fig. 2. An example acoustic rhimonetry trace. 
The x-axis represents distance from the nostril (at 0 cm), and the y- 
axis represents the nasal cross-sectional area (cm 2 ). MCA1 and 
MCA2 (arrow 1 ) correspond to the nasal valve and anterior half of 
the inferior turbinate, respectively. D-MCA1 and D-MCA2 (arrow 2) 
correspond to the distance of MCA1 and MCA2 from the nasal ori- 
fice (x, 0 cm) respectively. The green arrow (arrow 3) indicates the 
segment used for the calculation of nasal volume between 2 and 5 
cm into the nose (V2-5), and arrow 4 the nasal orifice. 
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Table 1. Repeatability for the combined (mean of left and right) and 
separate nostril values for each acoustic rhinometry variable over 5 
days 



Variables 


Mean+SD 


Mean 
CV (%) 


Inter-item corre- 
lation coefficient 


I ntraclass corre- 
lation coefficient 


Combined 


MCA1 (cm 2 ) 


0.54+0.07 


14.5 


0.87 


0.89 


D-MCA1 (cm) 


2.17±0.15 


7.4 


0.86 


0.88 


MCA2 (cm 2 ) 


1.61 +0.16 


9.1 


0.86 


0.86 


D-MCA2 (cm) 


4.28 ±0.1 2 


2.8 


0.87 


0.88 


V2-5 (cm 3 ) 


4.63+0.24 


5.4 


0.94 


0.93 


Right nostril 


MCA1 (cm 2 ) 


0.53+0.07 


13.0 


0.88 


0.84 


D-MCA1 (cm) 


2.07 + 0.06 


9.2 


0.82 


0.83 


MCA2 (cm 2 ) 


1.59 + 0.18 


11.1 


0.83 


0.84 


D-MCA2 (cm) 


4.20 + 0.18 


4.8 


0.79 


0.80 


V2-5 (cm 3 ) 


4.60+0.25 


6.5 


0.92 


0.91 


Left nostril 


MCA1 (cm 2 ) 


0.52+0.08 


14.2 


0.88 


0.84 


D-MCA1 (cm) 


2.12 + 0.13 


6.4 


0.83 


0.81 


MCA2 (cm 2 ) 


1.64+0.24 


15.2 


0.76 


0.75 


D-MCA2 (cm) 


4.37 + 0.16 


3.8 


0.82 


0.81 


V2-5 (cm 3 ) 


4.57 + 0.33 


7.2 


0.81 


0.78 



CV, coefficient of variation; MCA1 , outermost minimum cross-sectional area; 
MCA2, innermost minimum cross-sectional area; D-MCA2, distance of 
MCA2 from the nasal orifice; V2-5, volume of the nasal segment between 
the 2nd and 5th cm from the nasal orifice. 



Statistical analysis 

SPSS ver. 18.0 (IBM, New York, NY, USA) was used for the anal- 
ysis of data. Intraclass correlation coefficients were used to ex- 
amine intersession repeatability of each parameter measured 
over five separate occasions for unilateral and total (combined 
right and left) values. Intraclass correlation coefficient values 
were interpreted as follows: 0.41-0.60, moderate agreement; 
0.61-0.80, substantial agreement; >0.80, almost perfect agree- 
ment [22]. In addition, the mean coefficient of variance and in- 
ter-item correlations were calculated for each parameter. A P- 
value<0.05 was considered indicative of statistical significance. 

RESULTS 

Table 1 reports the repeatability estimates of combined (mean 
of left and right) values for the five different acoustic rhinome- 
try measurements. Intraclass correlation coefficients and inter- 
item correlation coefficients indicated excellent agreement for 
all parameters across five separate sessions. All intraclass corre- 
lations were >0.80 confirming almost perfect agreement. All in- 
traclass correlations and inter-item correlations were associated 
with P- values < 0.001. The mean coefficient of variation was low 
(<10%) for all but MCA1 measurements (14.5%). The coeffi- 
cient of variation was particularly low for D-MCA1 (7.4%), D- 
MCA2 (2.8%), and nasal volume (5.4%). Unilateral data from 



the right and left nostrils are also presented in Table 1. Agree- 
ment was less good (lower intraclass correlation) than when us- 
ing data from both nostrils combined. 

DISCUSSION 

This is the first study to examine the intersession repeatability of 
acoustic rhinometry using intraclass correlation coefficients on 
averaged combined, and separate nostril minimum cross-sec- 
tional areas and nasal volumes. We showed that acoustic rhi- 
nometry provides excellent reproducible results, best over dif- 
ferent sessions when combined nasal parameters values are used 
than right or left nostrils separately. This degree of repeatability 
has clinical implications with regard to the utilization of this rap- 
id and easy-to-use technique in the follow-up of conditions as- 
sociated with impaired nasal patency. 

The measurements obtained in this study included a wide ran- 
ge of clinically relevant parameters: minimum cross-sectional 
area at two distinct points and their corresponding distances 
from the nostrils, and the volume of the nasal cavity between 
the 2nd and 5th cm. The MCA1 corresponds to the nasal valve 
and is a good indicator of structural obstruction, whereas the 
MCA2 corresponds to the anterior half of the inferior turbinate, 
which contains erectile tissue and therefore is a reflection of 
functional obstruction. Similarly, the region of the nasal cavity 
between the 2nd and 5th cm is the site of mucosal changes; thus 
this volume is also considered a reflection of functional obstruc- 
tion. 

To date, several studies have examined the intersession repeat- 
ability of acoustic rhinometry measurements in both healthy in- 
dividuals and in patients with nasal obstruction, but each has 
limitations, which we have attempted to address in the present 
study design. Similar to the current study, except not using com- 
bined values for nostrils, Silkoff et al. [18] examined the repeat- 
ability of acoustic rhinometry measurements performed on five 
separate occasions and found relatively low variation in minimal 
cross-sectional area and nasal volume (0-5 cm). Measurements 
of minimal cross-sectional area showed 8.1% and 9.7% varia- 
tion for the right and left sides, whereas variations were even 
lower for nasal volumes (4.8% and 5.5%, respectively). Intra- 
class coefficients for right and left MCA were 0.91 and 0.87, 
whereas corresponding figures for nasal volume were 0.86 and 
0.69, respectively. This study, unlike ours, did not combine val- 
ues from both nostrils and therefore does not account for varia- 
tion with nasal cycle. We showed that combined results were 
more repeatable than those from individual nostrils. In a sepa- 
rate study, Castano et al. [15] examined the repeatability of acou- 
stic rhinometry measurements in patients with occupational rhi- 
nitis and found low variation in both minimal cross-sectional 
area and nasal volume measurements. Intersession intraclass 
correlation coefficients ranged from 0.80 to 0.88 and from 0.83 
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to 0.94 for nasal volume and MCA, respectively. These figures 
are in agreement with the findings of this study on healthy indi- 
viduals. 

Harar et al. [16] investigated the repeatability of acoustic rhi- 
nometry measurements on day-to-day basis using the minimal 
cross-sectional area at the nasal valve level (MCAl).They made 
measurements on two separate days and found a relatively high 
mean intersession difference (12.9%) when only one measure- 
ment was performed at each visit and this mean intersession 
difference could only be reduced to 10.85% when ten record- 
ings were done for each subject at each visit. We also report a 
higher variation in minimal cross-sectional area measurements 
at the nasal valve; however, intraclass correlations calculated us- 
ing measurements on five consecutive days showed better agree- 
ment. The high variation in MCA1 measurements (14.5%) may 
possibly be attributed to the malpositioning of the device by the 
patient. However, intraclass correlation takes into account corre- 
lations between every pair of observation and thus may be re- 
garded as a more accurate means for examining the repeatabili- 
ty of the measurements over time. Similarly, Ognibene et al. [17] 
found relatively low agreement between measurements obtain- 
ed on two different sessions one week apart, with intraclass co- 
efficient of 0.67. The high intraclass correlation coefficients ob- 
tained in the present study may be attributed to the relatively 
short duration between measurements in contrast to the Ogni- 
bene study [17], which may cause bias due to carry-over effect. 
However, we believe that normal mucosal variations, even in 
normal subjects, would also bias against better repeatability if 
the duration between measurements were longer. 

Most previous studies have assessed parameters for the indi- 
vidual nasal cavity (either right or left) separately; however, in 
our study we used combined (mean) parameters from the two 
nostrils to correct for the variations between nostrils during the 
nasal cycle. This may also account for the almost perfect agree- 
ments found in this study. Similarly, Roithmann et al. [19] found 
less intersession coefficient variation for combined parameters 
when compared to unilateral parameters, but this paper does 
not report the gold standard assessment of intraclass correlation. 

Acoustic rhinometry is a rapid, convenient and reliable techni- 
que to examine nasal patency. Although there are several tech- 
niques that can be utilized for this purpose, acoustic rhinometry 
has several advantages. The benefits of rhinomanometry have 
been demonstrated in many clinical settings; however, it does 
not give an idea on the localization of the obstruction. Nasal en- 
doscopy on the other hand is not able to produce quantitative 
results, although it provides excellent visual topography. Simi- 
larly, nasal examination provides only subjective information on 
the degree of obstruction. Acoustic rhinometry has the ability to 
localize and quantify both reversible and irreversible obstruction 
of the nasal cavity. However, since it is a position dependent pro- 
cedure, concerns related to the repeatability of measurements 
have arisen. Current evidence suggests that repeated measure- 



ments should be made in each session to obtain a reasonable 
level of reproducibility [23]. In addition, Harar et al. [16] report- 
ed better intersession repeatability when multiple measurements 
were done in each session. Intersession repeatability itself is im- 
portant particularly when the technique is to be used for follow- 
up purposes. Therefore, multiple recordings were made in each 
session of this study to avoid the effects of intra-session variability. 

The accuracy of acoustic rhinometry has shown to be higher 
for the anterior part of the nose when compared to posterior 
part [9, 12, 13].Tarhan et al. [13] reported that acoustic rhinom- 
etry overestimates cross-sectional area beyond paranasal sinus 
ostia. In this study, both minimal cross-sectional areas measured 
at two different levels showed similar repeatability, suggesting 
that acoustic rhinometry provides reproducible results at as far 
as the level of anterior half of the inferior turbinate. 

In conclusion, using intraclass correlations in healthy subjects, 
combined acoustic rhinometry measurements (mean of left and 
right nostrils) provide excellent and more reproducible estimates 
of nasal geometry over time than assessing each nostril separa- 
tely, in terms of both localization and reversibility of pathologi- 
cal obstructions, supporting its use for the follow-up of condi- 
tions associated with structural or functional obstruction. 



CONFLICT OF INTEREST 

No potential conflict of interests relevant to this article was re- 
ported. 

REFERENCES 

1. Hilberg O, Jackson AC, Swift DL, Pedersen OF. Acoustic rhinometry: 
evaluation of nasal cavity geometry by acoustic reflection. J Appl 
Physiol. 1989 Jan;66(l):295-303. 

2. Corey JP. Acoustic rhinometry: should we be using it? Curr Opin 
Otolaryngol Head Neck Surg. 2006 Feb;14(l):29-34. 

3. Andre RF,Vuyk HD, Ahmed A, Graamans K, NolstTrenite GJ. Cor- 
relation between subjective and objective evaluation of the nasal 
airway: a systematic review of the highest level of evidence. Clin 
Otolaryngol. 2009 Dec;34(6):518-25. 

4. Cakmak 0,Tarhan E, Coskun M, Cankurtaran M, Celik H. Acoustic 
rhinometry: accuracy and ability to detect changes in passage area 
at different locations in the nasal cavity. Ann Otol Rhinol Laryngol. 
2005 Dec;114(12):949-57. 

5. Cankurtaran M, Celik H, Coskun M, Hizal E, Cakmak O. Acoustic 
rhinometry in healthy humans: accuracy of area estimates and abili- 
ty to quantify certain anatomic structures in the nasal cavity. Ann 
Otol Rhinol Laryngol. 2007 Dec;116(12):906-16. 

6. Cheung EJ, Citardi MJ, Fakhri S, Cain J, Batra PS, Luong A. Com- 
parison of optical rhinometry to acoustic rhinometry using nasal 
provocation testing with Dermatophagoides farinae. Otolaryngol 
Head Neck Surg. 2010 Aug;143(2):290-3. 

7. Corey JP, Gungor A, Nelson R, Fredberg J, Lai V. A comparison of 
the nasal cross-sectional areas and volumes obtained with acoustic 
rhinometry and magnetic resonance imaging. Otolaryngol Head Neck 
Surg. 1997 Oct;117(4):349-54. 



160 Clinical and Experimental Otorhinolaryngology Vol. 5, No. 3: 156-160, September 2012 



8. Hopkins C. Re: Correlation between subjective and objective evalu- 
ation of the nasal airway. Clin Otolaryngol. 2010 Apr;35(2):147-8. 

9. Munoz-Cano R, Salvador R, Valero A, Berenguer J, Alobid I, Bartra J, 
et al. Accuracy of acoustic rhinometry versus computed tomography 
in the evaluation of nasal cavity in patients with nasal polyposis. Rhi- 
nology. 2010 Jun;48(2):224-7. 

10. Ouriques DM, Carlini D, Fujita R, Pignatari SS,Weckx LL. Correla- 
tion between fiberoptic nasal endoscopy and acoustic rhinometry in 
adults without nasal complaints. Am J Rhinol. 2006 Jul-Aug;20(4): 
375-8. 

11. Terheyden H, Maune S, Mertens J, Hilberg O. Acoustic rhinometry: 
validation by three-dimensionally reconstructed computer tomo- 
graphic scans. JAppl Physiol. 2000 Sep;89(3):1013-21. 

12. Gilain L, Coste A, Ricolfi F, Dahan E, Marliac D, Peynegre R, et al. 
Nasal cavity geometry measured by acoustic rhinometry and com- 
puted tomography. Arch Otolaryngol Head Neck Surg. 1997 Apr; 
123(4):401-5. 

13. Tarhan E, Coskun M, Cakmak O, Celik H, Cankurtaran M. Acoustic 
rhinometry in humans: accuracy of nasal passage area estimates, and 
ability to quantify paranasal sinus volume and ostium size. J Appl 
Physiol. 2005Aug;99(2):616-23. 

14. Numminen J, Ahtinen M 3rd, Huhtala H, Laranne J, Rautiainen M. 
Correlation between rhinometric measurement methods in healthy 
young adults. Am J Rhinol. 2002 Jul-Aug;16(4):203-8. 

15. Castano R,Theriault G, Gautrin D, Ghezzo H,Trudeau C, Malo JL. 



Reproducibility of acoustic rhinometry in the investigation of occu- 
pational rhinitis. Am J Rhinol. 2007 Jul-Aug;21(4):474-7. 

16. Harar RP, Kalan A, Kenyon GS. Improving the reproducibility of acou- 
stic rhinometry in the assessment of nasal function. ORL J Otorhi- 
nolaryngol Relat Spec. 2002 Jan-Feb;64(l):22-5. 

17. Ognibene NE, Merrick MA, Ingersoll CD. Intra- and intersession re- 
liability of acoustic rhinometry in measuring nasal cross-sectional 
area. Ear Nose Throat J. 2001 Aug;80(8):536, 539-40. 

18. Silkoff PE, Chakravorty S, Chapnik J, Cole P, Zamel N. Reproduc- 
ibility of acoustic rhinometry and rhinomanometry in normal sub- 
jects. Am J Rhinol. 1999 Mar-Apr;13(2):131-5. 

19. Roithmann R, Cole P, Chapnik J, Zamel N. Reproducibility of acous- 
tic rhinometric measurements. Am J Rhinol. 1995 Sep-Oct;9(5):263-7. 

20. Kesavanathan J, Swift DL, FitzgeraldTK, PermuttT, Bascom R. Eval- 
uation of acoustic rhinometry and posterior rhinomanometry as tools 
for inhalation challenge studies. J Toxicol Environ Health. 1996 Jun; 
48(3):295-307. 

21. Hilberg O, Pedersen OF. Acoustic rhinometry: recommendations for 
technical specifications and standard operating procedures. Rhinol 
Suppl. 2000 Dec;16:3-17. 

22. Landis JR, Koch GG. The measurement of observer agreement for 
categorical data. Biometrics. 1977 Mar;33(l):159-74. 

23. Nurrninen M, Hytonen M, Sala E. Modelling the reproducibility of 
acoustic rhinometry. Stat Med. 2000 May;19(9):1179-89. 



